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AB ST RACT

R esearch has  shown a strong pi l ot preference for predi ct i ve
i nform ati on of a i rcraft sys tem  stat us  in the fl ight  deck. 
However, t he benefi t s  of predi ct ive inform at i on have not 
been quant i t at i vely demons t rat ed. The st udy des cri bed here
at tem pt ed t o identi fy and quant i fy thes e benefi ts  if they
exis t ed. I n thi s  si m ul at or experim ent , three types  of
predi ct ive i nform at i on (none,  whet her a param et er was
changi ng abnorm al ly,  and the ti m e for a param et er to reach
an al ert range) and four init i al  t i m es to an al ert  (1 mi nut e,  5
m i nut es , 15 mi nut es ,  and ETA+ 45 mi nut es ) were found to
affect  when subj ect s  accom pli s hed certai n act i ons ,  such as
acces s i ng p ert i nent  checkl i st s ,  decl ari ng em ergenci es, 
di vert i ng,  and call i ng t he fl i ght at t endant and di s pat ch. 

I NTRO DUCT I O N

M uch a necdot al  evidence exi st s  regarding the benefi t s
predi ct ing aircraft  syst em  fai l ures  woul d bri ng to increasi ng
t he safet y of fl i ght .  Docum ent ed ins t ances  exi s t where some
t ype o f earl y not ifi cati on to the fl i ght  crew of a sys t em 
param et er d evi at i on coul d have prevented or les sened the
cons equences  of a n ai rcraft Õs  syst em  fai l ure [1],  [2].  The
benefi t s of predi ct i ve i nform at i on,  som e have argued, are i n
t he r ealm  of im proved deci s ion maki ng [3]-[5].  Thus , t o
descri be and quanti fy the benefi ts  of predict i ve inform at ion, 
a res earch program was  undert aken to sys t emat i cal l y expl ore
t hes e pot ent ial  benefi ts . 

Earl i er res earch h as  shown a st rong pil ot  preference for
predi ct ive inform at i on [6] and for cert ai n t ypes of predi ct i ve
i nform ati on,  s pecifi call y,  whet her a sys t em param et er (e. g. , 
oi l t em perat ure) was  changi ng abnorm all y and the ti m e
remai ni ng u nti l  that  param eter reached a predefined val ue
[7].  P i l ots  al so indi cat ed when they want ed to be tol d of a
poss i bl e probl em .  For exam ple,  pil ot s  onl y want ed to be
noti fi ed that the paramet er was  movi ng if it  woul d reach an
al ert  range in less  than 5 mi nut es ;  otherwis e,  they woul d
rather know the approxim at e ti m e rem aini ng unt i l the al ert
[7]. 

O b jecti ves 
There w ere several obj ect i ves  of thi s  experi m ent.  The
prim ary obj ect i ve was  to ident i fy the benefi t s  of predi ct ive
i nform ati on i n an operat i onal  sett i ng duri ng non-normal 
s yst em  event s.  Benefi t s were defined as  deci s i on making
pert ai ning t o handl i ng of the faul t ,  whi ch incl uded taki ng
acti ons  t o affect  the ons et  of an al ert ,  ret ri evi ng checkli s t s ,
di vert i ng a nd declari ng em ergencies ,  and workl oad
as soci ated w it h the non-normal  sys t em  events .  The
s econdary object i ve was to det ermi ne the mos t  appropri at e
form  o f predict i ve inform at ion and range of predi ct i on

t i mes .  Las t l y,  this  experi m ent  was  conduct ed to corroborate
previ ous res earch.

E xperi men tal  Vari ab l es 
Of t he t hree experi m ental  vari ables ,  two were direct ly
m ani pul at ed:  t he predi ct i ve inform at i on avai l able and the
i nit i al  t i m e to an al ert .  The predi ct ive inform at i on avai labl e,
a bet ween subj ect  vari abl e,  was  one of three types :  (1) none
(bas el i ne),  ( 2) whet her a param eter was  increas ing or
decreas ing abnorm al l y (di rect i on),  or (3) the tim e to an al ert 
(t im e).  The ini t i al  ti me to an alert ,  a wi thi n subj ect  vari abl e, 
had four level s :  (1) 1 m i nute,  (2) 5 mi nut es ,  (3) 15 m i nutes , 
and ( 4) ETA+ 45 mi nut es  (Es t im at ed Ti m e to Arri val ). 
B asel i ne predi ct i ve i nform ati on and ETA+ 45 m i nute init i al 
t i me t o an alert  were cont rol  condi t i ons .  The thi rd
experi m ent al  vari abl e,  whi ch was  part ial l y cont rol l ed in that 
t he param et er would degrade i n a regulat ed manner,  was  the
four independent  faul t s each subject  encount ered. 

Pred i ctive I nformati on : In the bas eli ne condi ti on,  no
predi ct ive i nform at i on was  avai l abl e.  Thus , when a
param et er reached an alert  range, the s ubj ect s  saw the typi cal 
al ert  m es s age ( e. g. ,  CAB IN ALT) wi t h the accom panyi ng
aural  alert  (t abl e 1). 

Tabl e 1  - Exam pl es  of Predi ct ive Inform at i on
C ondi t i on P redi ct ive Inform at i on Al ert  Inform at i on
B asel i ne none ÒC AB IN ALTÓ
Di rect i on ÒC AB IN ALT INC Ó ÒC AB IN ALTÓ
Ti me ÒC AB IN ALT 7MINÓ ÒC AB IN ALTÓ

In t he ot her two condi ti ons , di rect i on and ti m e, subject s 
were noti fi ed that a param eter was  movi ng towards  an al ert
range.  In al l cas es ,  the predi ct ive inform at i on pres ent ed to
s ubj ect s w as  al ways  correct  and had an al ert  category of
advi s ory.  Furt hermore,  paramet ers increas ed or decreas ed at  a
cons t ant rat e dependent on the stat e of the ai rcraft . Las tl y, 
when t he param et er reached an al ert  range,  the rel at ed
s t andard a l ert  inform ati on mes s age repl aced the predict i ve
i nform ati on mes s age (t abl e 1). 

F or t he di rect i on condit i on, subject s  were tol d that  a
param et er was increas i ng or decreas i ng abnorm al ly (t abl e 1). 
F or the ti m e condit i on, subject s  were t ol d when a param et er
woul d reach an al ert  range for the gi ven aircraft  st at e (tabl e
1).  The ti m e to an al ert was  updated in increm ents  of whol e
m i nut es  i f t he t i me remai ni ng was great er than 1 mi nut e.  If



t he t i m e to an al ert  was  less  than 60 seconds ,  the mes s age
updat ed for every 15-s econd change in t he ti m e to an al ert. 

I n iti al  T i me t o an Al ert: E ach subj ect saw four ini t ial 
t i mes  t o an al ert  (t he ti m e t o an al ert  at  the begi nni ng of a
fail ure):  (1) 1 minut e, (2) 5 mi nut es , (3) 15 minut es,  and
(4) E TA+45 minut es.  The confi gurat i on of the ai rcraft
affect ed t he act ual  ti me to an alert ;  for exam ple,  throt t li ng
back t he engine wit h the EGT (Exhaus t  Gas  Tem perat ure)
i ncreas e would increas e the t i m e t o an al ert . 

Faul ts : Each of the four dat a runs , or scenari os ,  and
t he traini ng run incl uded a faul t in whi ch a param et er woul d
event uall y reach an al ert  range if the subject  took no acti on. 
The fault s  were (1) cabi n alt i t ude increas e,  (2) forward cargo
overheat,  ( 3) EGT increas e,  and (4) oil  quant i t y decreas e.
The traini ng run was  an avi oni cs  overheat .  Al l  fai l ures  were
desi gned t o behave as  real i st i call y as pos si bl e [8]-[11] and
are des cri bed bel ow. 

F or t he scenari o wi t h the cabi n al t i t ude increase,  the cabi n
al ti t ude i ncreas ed to the airpl ane al ti t ude.  The out fl ow
valve,  if checked, was  i n the full y clos ed condit i on once t he
fail ure s t arted.  A l t hough the increas e could not be
cont rol led t hrough the envi ronm ent al  sys t em,  the cabin
al ti t ude w arni ng woul d not  be reached if the subj ect 
descended t o no more than 10 000 ft  and if he had at least 
4_ m inut es unt il  the al ert  range was  to be reachedÑt he
t i me needed to descend from  t he ini t i al  al ti t ude of 37Ê000 ft 
t o 10Ê000 ft . 

In anot her dat a run,  the forward cargo hol d,  init i al ly set-up
for carryi ng ani m al s ,  had a  tem perat ure increas e unt il  it 
reached the fi re warni ng li mi t .  If the subject  changed to t he
cargo m ode,  the tem perat ure increas e woul d sl ow. Al s o,  if
he di s charged the forward cargo fi re bot t l e before the al ert 
range w as  reached, the forward cargo tem perat ure would
never r each the alert  range. If the subj ect di s charged the
forward c argo fi re bot tl e aft er the fire warni ng,  as  the
forward cargo f i re checkl i s t ins truct s hi m  to do,  the
t emperature woul d drop bel ow the al ert range. 

Duri ng the scenario wi th the EGT increas e,  the EGT ros e
s t eadi l y and if it reached the alert  range, the subj ect  woul d
have t o fol l ow the engine fai l ure/ s hutdown procedure. The
i ncreas e could b e sl owed if the subj ect  throt t l ed back the
engi ne wi t h the increasi ng EGT or st opped if the affect ed
engi ne was  shut  down.  If the subject  res t art ed the engi ne,
t he E GT woul d again increas e unt il  it  reached the al ert 
range. 

The scenari o wi t h t he oi l  quant i ty decreas e al s o invol ved an
oi l p ress ure decreas e because of the los s  of oi l.  The oi l 
pres s ure t ri ggered the al ert once it  reached an al ert range. 
The onl y way to decrease the rat e of oi l  los s  was  to shut 
down the affect ed engi ne. 

F or t he avi oni cs  overheat  trai ni ng run,  the rat e of
t emperature i ncreas e coul d be decreas ed by changi ng the
avioni cs m ode t o override from  its  init i al  pos i ti on of
norm al .  F urt herm ore,  b y di s connect i ng bus  3,  the
t emperature woul d s t ay bel ow t he warning lim i t .  Thus , the
l oad on bus  3 was  t he pri m ary caus e of the overheat . 

E XPE RI MENT  DES I G N

S u bjects
Twel ve gl as s -cockpi t  airl i ne pi l ot s  fam i l i ar wi th ETOP S 
(Ext ended T win engi ne OP erati onS ) rul es  part i ci pat ed as 
s ubj ect s.  S even were currentl y firs t  offi cers  wit h the
remai ni ng fi ve capt ai ns.  The average age was  48 years ol d
and t he average com m erci al  ai rl i ne fl ight  experience was  16
years . 

T est Desi gn 
The experi m ent  w as run in the Advanced Ci vil  Trans port 
S i mul at or a t  the NAS A Langl ey Research Center.  Thi s 
s i mul at or had fl i ght  performance charact eris t i cs si m il ar to a
B oei ng 757.  The fli ght  deck res embl ed a Boei ng 747-400
or M D-11. The subj ect  act ed as  capt ai n, pi l ot -not-fl ying.  A
confederat e fi rs t  offi cer (F/ O) was  pil ot -fl yi ng and he was 
well  vers ed in the operat i on of the sim ul ator.  A confederat e
ai r t raffi c cont rol l er (ATC ) and com pany dis pat ch operat or
provi ded the necess ary coordi nat ion wit h the ground. 

The f l i ght  was  from  Dull es  ai rport  to Charles  de Guall e
ai rport  wi t h a 60-m i nute ETOP S  rul e;  i. e. ,  the pl ane was 
never m ore than 60 mi nut es  from  an al ternate ai rfi el d.  The
60-m i nute r ule was us ed in order to have several PETs
(P oi nt  of Equal  Tim e);  i . e. , the poi nt where the pl ane was
60 m i nutes  f rom  any suit abl e al t ernat e ai rport .  The
s cenari os  w ere set-up such that  each segm ent  of fl i ght 
s t art ed before a PET;  thus ,  thi s  experi m ent onl y included
t he cruis e phas e of fl ight .  If the confi gurat i on of the aircraft 
di d n ot  change duri ng the faul t ,  the affected param eter
woul d reach an al ert  range a few mi nutes  before t he ai rcraft 
i nters ect ed t he PET except  in the ETA+45 minut e
condi t i on. 

Any m at eri al s and inform at i on the subject  needed were
provi ded to hi m .  Pl ot t ing chart s , landi ng pl at es,  a di s patch
weat her bri efi ng,  and a fl i ght  plan were avai l abl e in paper
form .  C heckl is t s  were el ect roni c and mi m i cked the Boei ng
m odel  o f the qui ck reference handbook [12].  Voi ce
comm uni cat i on was  us ed for ATC  and di spat ch.  Both ATC
and di s pat ch were abl e t o s uppl y current  weat her
i nform ati on at  any of the divers ion airfi elds .  Bas i cal l y,  the
weat her at  a ll  di vers i on ai rfi el ds  was accept able for
l andi ngÑdri zzl e w it h a cei l ing around 1Ê000 f t  and
vi si bi l it y approxim at ely 1 _ m il es  wi t h wi nds  at  no more
t han 10 knot s.  ATC al s o reasonably expedi t ed any reques t s 
s ubj ect s had regardi ng course changes . The confederate F/ O
was abl e to ans wer operat i onal  ques t i ons  from  the subj ect ;
i . e. ,  h e suppl i ed al l  the operat ional  inform at i on norm al l y
found i n the ai rcraft  manual.  Last l y,  subj ect s  made any
pass enger announcem ent s or hel d conferences wi t h the head
fl ight  at t endant ,  or purs er, to the experi ment er si t ti ng in the
back of t he si m ul at or. 

As  m ent ioned earl ier,  the faul t s  and ini t i al  ti mes  to an al ert 
were w i thi n-subj ect  vari abl es  whil e the predi ct ive
i nform ati on w as  bet ween subject s . Si nce subj ect s could
only see each fai lure once,  each s ubj ect  had four data runs  in
addi t i on t o a traini ng run.  Thus , the overal l  res ul t s is  that 
al l subject s  s aw each of the four fault s  once and each of t he
four init i al  t i m es to an al ert  once wit h one of t he three t ypes
of predict i ve inform at ion. 



Depen d ent Meas u res
The dependent measures  cons is t ed of vari ables  that  defi ned
whet her t he predi ct i ve i nform at i on was benefi ci al :  when and
where cert ai n act ions  occurred,  and workl oad rati ngs , whi ch
were m eas ured u s i ng the NAS A-TLX ques ti onnai re on
percei ved w orkl oad [13].  Vari abl es  not  di rectl y d ependent 
on a p art i cular fai l ure were:  when the subject  turned off-
t rack,  di verted t o an ETOP S  al t ernat e ai rport ,  brought  up
t he appropri at e checkl is t ,  and ini t i ated act i on pert ai ni ng to
i t ; t he ti m e and space defi ni t i on of the aircraft ;  and the
workl oad rat ings .  Vari abl es  that  were di rect l y dependent  on
t he fai lure invol ved act i ons the subj ect  coul d take to affect 
t he ti m e to an al ert ,  such as  when an engi ne was shut down
for t he EGT increas e scenario and the oi l  quant it y decrease
s cenari o. 

Proced u re
When a subj ect  fi rs t  arri ved,  he received an overvi ew on thi s 
experi m ent  i ncl uding i ns t ruct i ons about  the NAS A-TLX
ques t i onnai re.  After t hi s  int roduct i on,  the confederat e F/O
gave a d et ai led des cri pt i on of the si mul at or and it s 
operat i on,  a nd the fl i ght  plan to the subj ect  before the
t rai ni ng run st arted.  The trai ni ng run included the avi onics 
overheat fault  1 5 mi nutes  int o the fl ight .  The ti m e to an
al ert  was  5 mi nut es  gi ven the init i al  ai rcraft  confi gurat ion. 
No dat a were recorded duri ng traini ng.

A short  break w as  taken aft er the traini ng run and before
data run 1.  An hour lunch break fol l owed the fi rs t  dat a run. 
After l unch,  the subj ect  compl et ed data runs  2 through 4. 
Each data run took approxi m at el y 30 minut es.  At  the end
of each dat a run,  t he subj ect  was as ked about  the fail ure, hi s 
acti ons , a nd hi s  workl oad.  The pres entat i on order of
predi ct ive i nform at i on and ini t i al  ti me to an alert  were
count erbal anced w hi l e scenari o order was  onl y part i all y
balanced due t o the number of subj ect s. 

Data An al ys i s
F or ti m e dat a,  a norm ali zed ti m e was  cal culat ed to ext ri cat e
t he f act that di fferent ini ti al  ti m es  to an al ert  occurred
duri ng the fli ght . If the tim es  were not  norm al ized,  the dat a
cl us t ered a round four di s cret e cat egori es  dependent  on the
i nit i al  t i m e t o an al ert .  The norm al i zed tim e was 

normalized time =
time at which  occurred

actual time to alert

X

Ti mes  were taken from  fai l ure st art .  The act ual  t i m e to alert 
was when the al ert truly occurred or woul d have occurred
had t he subj ect  not  done somet hi ng to prevent  it such as 
s hut  down an engi ne.  Thes e ti m es  were t hen anal yzed us i ng
t he general  li near model  in S P S S  [14]. 

The speci fi c act i ons  anal yzed were acces s i ng the appropri at e
checkl i st ,  t urni ng o ff pat h, di vert i ng,  decl ari ng an
em ergency,  checki ng the weather at  the di vers i on ai rport s ,
call i ng t he fl i ght at t endant,  and cal li ng di s patch. 
C ategorical  dat a rel at ed to thes e act ions  were anal yzed wit h
t he i ndependent  sam pl es Chi -s quared (c2) t es t  in SP SS 
[14]. 

Al l fai lures  had a checkl i s t as s oci at ed wi th them .  Thus ,  if a
param et er r eached an alert ,  the subj ect  shoul d fol l ow the

checkl i st .  A s ubj ect  coul d acces s the checkl i s t s before the
al ert  range was  reached if he so des i red. 

Under E TOP S  rul es , subject s  had to di vert  for the oi l
quant i t y decreas e and EGT increase fail ures when they shut
down an engi ne.  T he ETOP S  rul es  do not speci fy a
di vers i on i s  necess ary wi t h cabi n press ure l os s , but  for fuel 
effi ci ency reas ons and pas s enger com fort ,  the logi cal choice
woul d be t o di vert.  If a subj ect  had a forward cargo fi re
warni ng, he woul d have t o divert  under ETOPS  rules .  If a
s ubj ect  di s charged t he fi re bot t le before the warni ng,  thus 
prevent ing t he temperature from  increas i ng int o the al ert 
range a nd avert i ng a fire warni ng,  he di d not  techni cal l y
have to di vert  but prudence recomm ended di vert i ng anyhow
becaus e of the st rong pos s i bi l i t y of fi re. 

Three o f the faul ts  requi red subject s  to des cend:  (1) the
cabi n alt i t ude increas e,  and aft er engi ne shut down for both
(2) the EGT increas e and (3) the oi l  quant it y decrease.  Als o, 
checki ng weather at  the di vers i on ai rport ,  tel l ing the fl ight 
at tendant  w hat  was happeni ng and cal l ing dis pat ch to let 
t he com pany know the current si t uat i on was  not  expl i ci t l y
requi red b ut  was  cons i dered good ai rm ans hi p.  Subj ect s
were n ot penal i zed in the dat a anal ys is  if they di d not 
perform  t hes e act ions . 

The s i x NAS A-TLX indi vidual  workload rat i ngs Ñm ent al , 
phys i cal a nd tem poral  dem and,  perform ance,  effort ,  and
frus t rati onÑwere norm ali zed on a s cal e from 0 to 100 wi t h
0 as  low workl oad and 100 as hi gh workl oad. They were
combi ned i nt o an average workl oad rat ing for each subj ect 
by dat a run.  Thes e average n orm ali zed workload rat i ngs 
were t hen anal yzed us i ng the analys i s  of vari ance procedure
i n S P S S  [14]. 

In t he anal ysi s  of the dat a, si gni fi cance (for bot h p and c2)
was t aken at  the 0. 05 level . Al s o,  for mai n-order effect s , a
Tukey HSD post  hoc tes t was  done [15]. 

RE SUL T S 

B enefi ts of Pred i cti ve I n formati on 
If a s ubj ect  di d not hi ng at  al l ,  an alert  woul d occur during
fl ight  for the 1-, 5-,  and 15-m i nut e ini t i al  ti mes  to an al ert .
S ubj ect s c ould affect  the tim e to an al ert  for the EGT
i ncreas e a nd forward cargo overheat  faul t s , or they coul d
prevent  t he param et er from  reaching an al ert  range alt ogether
but,  i n al l  cas es , they had to act i vely confront the fai l ure. 
F or t he ini t ial  tim e to an al ert  of ETA+ 45 mi nutes , 
s ubj ect s di d not  have to do anyt hi ng si nce an alert  woul d
not be reached unti l  aft er landi ng. 

Al ert O ccu rren ce: F or t he 1-,  5-,  and 15-m i nut e
i nit i al  t i m es t o an al ert ,  whet her or not  an al ert  occurred
depended on the ini t i al ti m e to an al ert  (c2£0. 01).  Out  of a
poss i bl e 48 al ert s,  only 19 occurred (t abl e 2).  As  s een i n
t abl e 2,  t he great er the ini t ial  tim e to an al ert , the more
often subj ects  avoi ded an alert .  Hence,  subj ect s were taking
acti ons  t o l es s en the severit y of the fai l ure,  to less en the
t i me p res s ure as s oci at ed wi th the al ert ,  and to les s en it s
cons equences .

Tabl e 2  - Num ber of Al ert Occurrences 
Al ert Init i al  Ti m e t o  Alert  (m i nutes )



P res ent 1 5 15 ETA+ 45 Total 
Yes 10 8 1 0 19
No 2 4 11 12 29

Acti on  Before or After Al ert: S ince subj ect s  had ti me
t o deal  wi t h the fai l ure before an al ert ,  whet her they acted
before or after an al ert  occurred was  of int erest .  In bot h the
di rect i on a nd ti m e condi t i ons ,  subj ects  brought  up the
checkl i st  before any alert s  (c2£0. 02) (tabl e 3).  Thi s  i s  not 
s urpri s ing b ecaus e in the direct ion and ti me condi t i ons , 
s ubj ect s had foreknowl edge of t he al ert  and whi ch checkl i st 
was perti nent.  F urt hermore,  the num ber of checkli s t s 
acces s ed before a n al ert  in the bas el ine condi t ion may be
arti fi cial l y hi gh becaus e s ubj ects  were prim ed for a fai l ure. 
Thus ,  t hey may have been more di li gent in scanning the
i nst rum ent s  looki ng for deviat i ons . 

Tabl e 3  - Num ber of C heckl i s t s Ret ri eved for t he
1-, 5-,  and 15-M i nut e Ini t i al  Ti mes  to an Al ert 

P redi ct ive Inform at i on
B efore Al ert B asel i ne Di rect i on Ti me Total 
Yes 8 12 12 32
No 4 0 0 4

P redi ct ive i nform at i on was  al s o si gni fi cant in det ermi ni ng
whet her pi l ots  acces s ed checkl i s ts  for the ETA+ 45 mi nut e
condi t i on ( c2£0. 02) (tabl e 4).  No s ubj ects  i n the bas el ine
condi t i on acces s ed a checkl is t  but  subj ect s di d when they
had di rect i on or ti m e informat i on.  Agai n,  thi s  was  becaus e
t hey had an advi s ory mes s age tel li ng them  whi ch checkl i s t 
was rel evant  t o the fail ure.

Tabl e 4  - Num ber of C heckl i s t s Ret ri eved for
ETA+ 45 Mi nut e Ini ti al  Ti m e to  an Al ert

P redi ct ive Inform at i on
R etri eved B asel i ne Di rect i on Ti me Tota 

l 
Yes 0 4 3 7
No 4 0 1 5

As  the ini t i al  ti me to an alert  increas ed up to t he 15-m i nut e
condi t i on,  t he n umber of subj ect s di vert i ng and decl ari ng
em ergenci es  before an al ert  range was  reached als o increased
(c2£0. 01 f or bot h) (t abl e 5).  S ince they knew the
i nform ati on to be accurat e,  subj ect s  deci ded to confront  the
probl em  before t he al ert ;  the more ti me they had before an
al ert ,  the more likel y they woul d declare an em ergency (i n
order t o get  preferent ial  handl i ng from  ATC) and di vert 
before the alert .  In three cas es , subject s  di d not  divert  if the
al ert  was  going to occur duri ng the fli ght . These three cas es 
i nvol ved t he cargo fi re f ai lure and the subj ect s di s charged
t he forward cargo fi re bot t le before an al ert  was  reached. On
t he ot her hand,  one subj ect  i n the ETA+ 45 mi nut e di rect i on
condi t i on di d d i vert  for the oi l  quanti t y decreas e fai l ure
even though it  was not  required. 

Tabl e 5  - Num ber of Di vers i ons and Em ergenci es 
Init i al  Ti m e t o  an
Al ert  (mi nut es )

B efore Al ert 1 5 15 Total 

Di vert Yes 0 7 9 16
No 11 4 2 17

Decl are Yes 2 5 8 15
Em ergency No 8 3 1 12

Work l oad: F or workl oad,  predi ct ive inform at i on and
i nit i al  t i m e t o alert  were si gni fi cant,  p£0. 04 for bot h.  As 
expect ed,  t he ETA+45 minut e ini t ial  tim e to an al ert  had
t he l owes t  workl oad rati ng (t abl e 6).  Thi s  was  b ecause
s ubj ect s di d not  have to confront the fai l ure,  if they even
noti ced the probl em ,  since the alert  was  goi ng to occur aft er
l andi ng.

Tabl e 6  - Workload Rat i ngs 
F act or M ean S t  Dev

Init i al  Ti m e 1 41 19
t o Al ert 5 41 19
(m inut es) 15 41 9

ETA+ 45 26 13
P redi ct ive B asel i ne 28 15
Inform ati on Di rect i on 43 18

Ti me 40 18
Note:  0 =  low workl oad, 100 =  hi gh workl oad

F or p redi ct i ve inform ati on,  workload was  rat ed
s i gni fi cant l y l ower for the bas eli ne condi ti on than the
di rect i on c ondi t i on (t abl e 6).  The b as el ine predi cti ve
i nform ati on was  fam i l i ar to the subj ect s  since thi s  is  the
i nform ati on t hey current l y us e and this  cont ri but ed to it s
l ow workl oad rat i ng. 

Unli ke t he tim e condi t ion,  subj ect s  had to es t i mat e how
m uch t i me t hey had before an al ert  range woul d be reached
for the di rect i on predict i ve inform at ion.  The onl y way to do
t his  was to approxi m at e the paramet erÕs  rate of change.  Thi s 
appeared to increas e the workl oad. 

The great es t  cont ri but or to workload appears  to be choos i ng
which a ct i ons to carry out .  No procedures  were gi ven
regardi ng t he us e of direct ion and ti me predi ct ive
i nform ati on and thi s ,  mos t  li kel y,  account ed for subject s 
rati ng workl oad for ti me predi ct ive inform at i on cl os er to
di rect i on predi ct ive i nform at i on than to the basel i ne
condi t i on.  A pparent l y,  deci di ng on the proper cours e of
acti ons  f or the direct ion and ti me condi t i ons  increased
workl oad m ore than es t im at i ng the ti m e to an al ert  for the
di rect i on condi t i on. 

Pred i ctive Informati on  T yp e an d  Pred i cti on  T i mes
As  m ent ioned earl ier,  s ubj ect s  coul d take several  acti ons 
duri ng each fai l ure rangi ng from  t ryi ng to affect  the ons et  of
an al ert to di verti ng to an al t ernat e ai rfiel d.  As  expect ed,  the
predi ct ive i nform at i on avai labl e and t he ini t i al ti m e to an
al ert  a ffect ed when subj ect s ini ti at ed a part i cul ar act i on
duri ng the 1-,  5-, and 15-m inut e i ni t ial  tim es  to an al ert. 

The t i m e of checkli s t  acces s was  heavil y infl uenced by the
avai l abil i t y of predi cti ve informat i on (p£0. 01) (tabl e 7).  The
basel i ne condi t i on was  st at is t i cal l y lat er than the di recti on
and t im e condi t i ons .  As explai ned above,  thi s  was  not
s urpri s ing s ince s ubj ect s  knew whi ch checkli s t s  were
pert i nent  before the alert  occurred in these two condi t i ons . 

Tabl e 7  - Norm al i zed Checkl i s t Acces s  Tim e (mi nut es )



P redi ct ive Inform at i on M ean S t  Dev
B asel i ne 0. 87 0. 54
Di rect i on 0. 12 0. 11
Ti me 0. 10 0. 16

Wi th r egard to descending,  di verti ng,  checki ng weat her, 
decl ari ng a n em ergency, cal li ng the fli ght  at t endant , and
call i ng di s pat ch,  t he ini t i al  ti me to an alert  was  signi ficant 
(p£0. 03 for al l ) (t abl e 8).  In all  cases ,  the 5- and 15-m inut e
condi t i ons  w ere stat i s ti cal ly earl i er than the 1-m i nut e
condi t i on.  B as i call y,  the more tim e subj ects  had before an
al ert ,  the earl i er they perform ed the act i ons  rel at i ve to the
t i me to an alert . 

Tabl e 8  - Norm al i zed Ti m es  (m inut es)

Acti on
Init i al  Ti m e
t o an Alert N M ean

S t 
Dev

Descend 1 mi nut e 7 2. 16 1. 26
5 mi nut es 9 0. 87 0. 40

15 m i nutes 9 0. 46 0. 34
Di vert 1 mi nut e 11 4. 19 2. 15

5 mi nut es 11 1. 10 0. 64
15 m i nutes 11 0. 56 0. 37

C heck 1 mi nut e 6 5. 28 3. 87
Weat her 5 mi nut es 7 1. 63 1. 19

15 m i nutes 8 0. 55 0. 55
Decl are 1 mi nut e 10 2. 81 1. 63
Em ergency 5 mi nut es 8 0. 95 0. 53

15 m i nutes 9 0. 56 0. 35
C all  Fl ight 1 mi nut e 10 4. 48 2. 24
At tendant 5 mi nut es 11 1. 25 0. 62

15 m i nutes 9 0. 38 0. 28
C all 1 mi nut e 9 6. 04 2. 54
Di spat ch 5 mi nut es 9 1. 54 0. 80

15 m i nutes 10 0. 55 0. 33

S i nce t he a bove res ul t s hel d for al l  act i ons ,  the 1-mi nut e
condi t i on was s eparat ed out  from  the 5- and 15-mi nut e
condi t i ons  becaus e the 1-m i nut e condi ti on di d not  al low for
m uch t i me to prepare for the al ert  whereas  the ot her two
condi t i ons  did.  The anal ys i s was  t hen redone us ing the data
from  the 5- and 15-m i nut e ini t i al ti m es  to an alert 

Wi th t he reanal ys is  for the 5- and 15-m i nute condi t i ons , 
descent  t i m e, d i vers i on ti m e,  and ti m e to decl are an
em ergency w ere found to be dependent  on predi ct ive
i nform ati on ( t abl e 9).  In a ll  cases ,  ti m e predi ct i ve
i nform ati on w as  signi ficant ly lower from  bas el i ne. 
Dependi ng on t he act i on,  di rect i on predi ct ive inform at i on
m ay or may not  be di fferent  from  t he bas el ine condi t ion or
t he t i m e condi t i on (t abl e 9).  Hence,  t he di rect i on predi ct i ve
i nform ati on does  d ecreas e the ti me of when a subj ect 
perform s a cert ai n act ion but  this  decreas e in ti m e is  not as 
di fferent i able f rom  the bas el i ne condit i on as  is the ti m e
predi ct ive inform at i on.

F or al l  act i ons  des cri bed above,  the 5-m i nut e condi t ion had
s i gni fi cant l y l at er ti mes  than the 15-m i nute condi t i on. 
F urt hermore,  even t hough previ ous res earch s ugges t ed thi s ,
no i nt eract i on occurred bet ween predi ct i ve inform at i on and
i nit i al  t i m e t o an al ert .  In fact,  ti me predi ct ive inform at i on

al ways  had an earli er act i on ini ti at i on ti me.  Thus ,  al t hough
pi lot s  r eported want i ng the di rect i on type of predi cti ve
i nform ati on for tim es  to an al ert of 5 mi nut es  or less ,  in
pract i ce,  t i me predi ct ive inform at i on appears  als o to have
t he great es t  benefi t s  for the 5-mi nut e ini ti al  ti m e to an al ert. 

Tabl e 9  - Norm al i zed Ti m es  for 5- and 15-M i nut e
Init i al  Ti m es to  an Al ert  (mi nut es )

Acti on
P redi ct ive

Inform ati on N M ean
S t 

Dev
Descend B asel i ne 12 0. 94 0. 41

Di rect i on 12 0. 77 0. 39
Ti me 12 0. 44 0. 33

Di vert B asel i ne 13 1. 18 0. 60
Di rect i on 13 0. 84 0. 62
Ti me 14 0. 81 0. 25

Decl are B asel i ne 12 1. 04 0. 39
Em ergency Di rect i on 7 0. 69 0. 31

Ti me 12 0. 38 0. 24
Note:  [ =  st at i s t ical  groupings 

In general ,  for a short ti m e to an al ert  (1 mi nut e),  subj ect s 
di d not  have m uch t i m e t o use the advance not i ficat i on.  For
l onger ti m es  to an al ert  (5 and 15 mi nut es ),  subj ect s had
t i me t o affect  the ti m ing and occurrence of the al ert and to
prepare for t he alert .  In fact ,  the tim e and di rect i on
predi ct ive i nform at i on ai ded them in acces si ng the
appropriat e checkli s t ,  decl ari ng an emergency,  and divert ing
before an al ert  occurred. 

DI SCUS S IO N

To i denti fy t he benefi ts  of predict i ve inform at ion,  to
determ i ne t he form of predi ct i ve inform at i on and range of
predi ct ion t im es ,  and to corroborat e previ ous  res earch,  a
s i mul at or experi m ent  t es t i ng three types  of predi ct i ve
i nform ati on and four ini t i al ti m es  to an alert  was  conducted. 
The t hree types  of predi ct i ve inform ati on were (1) bas el i ne, 
(2) di rect i on,  and (3) ti m e, and the four ini t i al  ti mes  to an
al ert  were (1) 1 mi nut e,  (2) 5 minut es,  (3) 15 mi nut es ,  and
(4) E TA+45 minut es.  Thes e fact ors were found to affect 
when s ubj ect s accom pl i shed cert ain acti ons , such as 
acces s i ng p ert i nent  checkl i st s ,  decl ari ng em ergenci es, 
di vert i ng,  and call i ng t he fl i ght at t endant and di s pat ch. 

Knowi ng t he rem ai ni ng ti m e to an al ert seemed to produce
t he mos t benefi t s . For ins t ance,  t he more ti m e subj ect s  had
t o deal  wi t h t he fai l ure,  the more often they avoi ded get ti ng
an al ert b y perform i ng som e act i on such as  des cendi ng, 
s hut t i ng d own the affect ed engi ne,  or di s chargi ng fi re
bott l es . T he ini t ial  tim e to an al ert  al s o affect ed when
s ubj ect s perform ed certai n act i ons .  As the ini t ial  tim e to an
al ert  i ncreased,  subj ect s  were more likel y to decl are an
em ergency and to di vert before a paramet er reached an al ert 
range. 

P redi ct ive i nform at i on al s o affect ed when subj ect s  were
m ore l ikel y to acces s  the appropri at e checkl i s t . Wi t h
di rect i on o r ti m e predict i ve inform at ion avai l abl e,  they
often acces s ed checkl i st s  before an alert  occurred. 

F i nal l y, t he di rect i on and ti m e predi ct i ve inform at i on had
hi gher workl oad a ss oci at ed wi t h it  than the bas el i ne



i nform ati on.  Thi s  was  mos t  li kel y becaus e subj ect s  had to
deci de how to us e t he new inform at i on.

R egardi ng t he p redi ct i on ti me,  subj ects  di vert ed,  checked
weat her, d eclared an emergency,  and cal l ed the fl i ght
at tendant  a nd di s pat ch earl ier for the 5- and 15-m i nut e
i nit i al  t i m es to an al ert  than for the 1-m inut e i ni t ial  tim e to
an al ert. 

Wi thi n t he 5- and 15-m inut e ini t ial  tim es  to an al ert, 
descent  t i m e, d i vers i on ti m e,  and ti m e to decl are an
em ergency were l ess  for the ti m e and di recti on predi ct i ve
i nform ati on t han they were for the basel i ne condi t i on, 
al though t he di rect i on condit i on was  not  a lways  di fferent 
from  t he bas el i ne condit i on. Thi s mi ght  have been due to
t he hei ght ened a wareness  of the subj ect s  to pos si bl e
fail ures.  A l so,  wit hi n thes e two ini t ial  tim es  to an al ert, 
descent  t i m e, di vers i on ti m e,  ti me to check weather,  ti m e
t o decl are an em ergency,  and ti m e to cal l  fl i ght at t endant for
t he 5 -m inut e condit i on were st at is t i cal l y more than the
t i mes  for the 15-mi nut e condi t i on.  Last l y,  al t hough pi l ot s
i ndi cat ed i n previous  res earch an int eract ion bet ween
predi ct ive i nform at i on and ini t i al  ti me to an alert ,  in
pract i ce,  there appears to be no s uch i nt eract i on. 

CO NCL US IO N

The d at a do suggest  that  predi ct ive inform at i on may be
benefi cial  to increas i ng the safet y of fl i ght  alt hough,  in thi s
experi m ent ,  the ini t i al ti m e to an al ert  more heavi l y affect ed
t he p erform ance.  Thi s ,  mos t  li kely,  was  due to subj ect s 
being pri m ed for f ai l ures ,  so they were more acti vel y
s canni ng t he ins t rum ents  for these fail ures.  In any cas e, 
provi di ng the ti m e to an al ert  for the longer ini t i al ti m es  to
an al ert a l l owed subj ect s  to prepare for checkl is t s  and to
decl are em ergenci es  e arl i er in order to recei ve preferent ial 
handl i ng from ATC  so that  they coul d des cend and di vert 
m ore e asi l y and tim el y. Subject s  al s o let  ot hers know of
t he s i t uat i on e arli er,  such as  dis pat ch and the fl i ght 
at tendant s ,  when they had the predi ct ive inform at i on. But 
for workl oad t o decrease to the level  it  currentl y is wi t h no
predi ct ive inform at i on, fl i ght  crews  need to becom e fam i l iar
wi th and ful ly unders t and thi s  inform at i on.

Ot her a spect s mus t al s o be inves ti gat ed before the ful l 
us eful nes s  o f predi ct i ve inform ati on can be unders t ood. 
F urt her res earch int o the opt i m al predi ct i on ti me,  accept abl e
fals e alarm  rat e,  and accuracy of the predict i ve inform at ion
m ust  be done. Al s o,  it  woul d be of benefi t  to ascert ai n how
us eful  the inform at i on woul d be when pi l ot s are not  pri m ed
for a  fai l ure.  On the more operati onal si de,  the abi li t y to
es ti m at e t he ti m e to an al ert  wi th the fal se al arm  rat e and
accuracy r equi red by the pi lot s  needs  to be inves t i gat ed
before procedures  are devel oped us i ng the ti m e to an al ert
predi ct ive inform at i on.
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